Gut microbiota shows host-specific diversity and temporal stability and significantly contributes to maintenance of a healthy gut. However, in inflammatory bowel disease, this microbiota has been implicated as a contributory factor to the illness. This study compared bacterial dynamics in Crohn's disease patients to those in a control group using a culture-independent method to assess the temporal stability, relative diversity, and similarity of the dominant fecal microbiota, Clostridium spp., Bacteroides spp., Bifidobacterium spp., and lactic acid bacteria spp. (LAB) for all individuals. Fecal samples were collected over several time points from individuals with Crohn's disease who were in remission (n ‫؍‬ 11), from Crohn's disease patients who relapsed into an active Crohn's disease state (n ‫؍‬ 5), and from a control group (n ‫؍‬ 18). Denaturing gradient gel electrophoresis profiles were generated for the different microbial groups by specifically targeting different regions of the 16S rRNA gene and were compared on the basis of similarity and diversity. The temporal stability of dominant species for all Crohn's disease patients was significantly lower (P < 0.005) than that for the control group. Analysis of group-specific profiles for Bifidobacterium spp. found that they were similar in all samples, while the diversity of the LAB varied significantly between the groups, but temporal stability was not significantly altered. We observed significant changes in two functionally important mutualistic groups of bacteria, viz., Clostridium and Bacteroides spp., which may have implications for the host's gut health, since some genera are involved in production of short-chain fatty acid, e.g., butyrate.
The mutualistic arrangement which has evolved between the gut microbiota and the human host has resulted in the former making significant contributions to the ability of the host to resist colonization by certain pathogens, metabolize recalcitrant carbon sources, e.g., cellulose, maintain mucosal immune architecture and function, and obtain essential nutrients, such as vitamins (2) . However, the opposite side of this association is that the host, while providing a suitable environment for the microbes, has to tolerate the presence of a large community of potentially opportunistic pathogens. If this mutualism is disturbed, the resulting situation can have severe consequences for the host. An example of such a "disturbance" is Crohn's disease (CD) (18, 32) . While susceptibility genes contribute (20, 41) , it is evident from concordance rates in monozygotic twin studies (42, 61 ) and the changing epidemiology over time that environmental factors also contribute. Although a role for a specific pathogen has not been excluded, the weight of evidence implicates the gastrointestinal microbiota or components thereof in the setting of a permissive genetic susceptibility background (19, 26, 48, 55) .
A significant factor which may be contributing to the lack of any definitive pathogen in Crohn's disease is the inability to grow the majority of the bacteria which reside in the gastrointestinal tract (5, 10, 49, 68) . The current estimate is that approximately 70 to 80% of the bacteria are unculturable (2, 12) ; thus, alternative culture-independent methods need to be used in order to understand the dynamics of this large, complex, and metabolically active community and its contribution of gut homeostasis. Once such approach, denaturing gradient gel electrophoresis (DGGE) of 16S rRNA genes (36, 37) , has provided an insight into this ecosystem. Consequently, increased appreciation of microbial diversity and dynamics in the gastrointestinal tract has been realized (29, 63, 68) .
Several key observations have been reported from these studies: that the diversity of the microbiota present in a healthy human gastrointestinal tract is a result of natural selection operating at both the microbial level and the host level (2) , that a high level of diversity is present and is considered desirable for ecosystem stability (35) , and finally that the intestinal microbiota is resistant to alteration and is stable over time (68) . The high level of diversity enables the ecosystem to maintain a level of functional redundancy, which ensures that the community is able to perform key processes (25, 27, 35) , e.g., synthesis of short-chain fatty acids, such as butyrate (3) . Any significant changes to the bacterial diversity may have direct functional consequences for the ecosystem and hence the host (16, 27, 35) . Since the dominant bacterial diversity in Crohn's disease has been shown to be disturbed (53) , we wished to determine whether we could identify which functionally important bacterial groups were changing and whether any temporal variability was evident. Previous culture-dependent investigations of Crohn's disease have provided a consensus view that gram-negative anaerobes increase in Crohn's disease compared to control levels (59) . However, conflicting reports do exist where levels of Bacteroides and lactobacilli showed no difference between Crohn's disease samples and control samples, while the bifidobacteria were significantly decreased in numbers (13) . Furthermore, culture-independent investigations of the dynamics of the intestinal bacterial community in Crohn's disease have either concentrated on the dominant species (24, 44, 45, 52) or quantified the species in specific groups (53, 58) , and each analysis has used only a single-timepoint sample with no temporal data presented. The consensus of opinion from these investigations is that there is a reduction in the diversity of the dominant bacterial species in Crohn's disease. However, to our knowledge no culture-independent studies of temporal stability and diversity in Crohn's disease have been undertaken. In this exploratory investigation, we report on the temporal stability and diversity of the dominant bacterial species, the Bacteroides fragilis subgroup (which is involved in metabolism of indigestible dietary polysaccharides [2] and may play a role in inflammatory bowel disease [30] ), the Clostridium leptum subgroup and the Clostridium coccoides subgroup (these groups contain the majority of butyrate producers [3] ), and Bifidobacterium spp. and the lactic acid bacteria spp. (which have been commonly used as probiotics and have immunomodulatory activity [6, 43] ), from Crohn's disease patients in remission and relapse and compare their DGGE species profiles to a those for a control group.
MATERIALS AND METHODS
Collection of stool samples for culture-independent analysis. Sixteen Crohn's disease patients provided fecal samples over several time points (Table 1 ). All subjects were diagnosed as being active when they provided their first samples (T ϭ 0). All of the subjects were brought into remission (clinically assessed and had a Crohn's disease activity index [CDAI] of Ͻ150), using prednisolone (40 mg/day), and were weaned off the steroid over a 12-week period. Members of the group were also taking probiotics. Five Crohn's disease subjects (12) (13) (14) (15) (16) relapsed back into an active state (after clinical assessment and a CDAI of Ͼ150) and were removed from the study. In total, 49 stool samples from individuals with Crohn's disease were analyzed. A total of 18 healthy control subjects (10 men and 8 women) were also included in the analyses (number of samples ϭ 30). This control cohort consisted of 12 individuals who were sampled once, 5 individuals who were sampled over a 3-month period, and an additional control who was sampled over 1 year. All stool samples were stored at Ϫ80°C until required for bacterial DNA extraction. 
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Extraction of total DNA from stool samples. Fecal samples used were thawed on ice, and DNA was extracted using the QIAGEN QIAamp MiniStool kit (QIAGEN, Hilden, Germany) according to the manufacturer's instructions for pathogen isolation, with an initial bead-beating step of 30 s at 5,000 rpm. Extracts were treated with DNase-free RNase (100 g/ml), and the DNA concentration was determined using a Nanodrop spectrophotometer. A total of 79 fecal extractions were performed and quantified.
PCR of partial 16S rRNA genes and DGGE to determine changes in the bacterial community. PCR of partial 16S rRNA genes was performed using an MJ Research PTC-200 thermal cycler, and this amplification was performed for all DGGE primer sets ( Table 2 for a primer pair's specific annealing temperature) for 40 s, and extension at 72°C for 1 min, with a final extension of 72°C for 5 min. PCR amplicons were separated by electrophoresis in 1% (wt/vol) agarose containing ethidium bromide (5 mg ml Ϫ1 ) and 1ϫ Trisacetate-EDTA (TAE) buffer (47) with an applied voltage of 5 V cm Ϫ1 . DNA was visualized by UV illumination (302 nm).
PCR products were separated by DGGE according to the specifications of Muyzer and colleagues (36) , using the DCODE system (Bio-Rad Laboratories, United Kingdom) with the following modifications: polyacrylamide gels (dimensions, 200 mm by 200 mm by 1 mm) consisting of 8% (vol/vol) polyacrylamide (37.5:1, acrylamide-bisacrylamide) and 0.5ϫ TAE. The denaturant gradients for each primer pair are shown in Table 2 . Prior to polymerization of the denaturing gel, a stacking gel, without denaturants, was added to enable defined wells to be cast. Electrophoresis was performed for 16 h at 85 V in 0.5ϫ TAE buffer at a constant temperature of 60°C. Gels were stained with SYBRgold according to the manufacturer's instructions. Each sample analyzed in this study was run in triplicate, and the data presented in this paper were consensus data compiled from all gels of the same sample to further minimize any error variation. Furthermore, experiments were conducted on a subset of samples to determine variation between PCR and DGGE. DNA samples from these subjects were amplified in triplicate on the same day using the same thermal cycler and cycling conditions and compared to PCR from the same DNA, amplified on the same machine but on another day. These samples were compared to each other by DGGE on the same gel, and the same PCR amplicons were run again on a different day and gel to determine gel-to-gel variation. All the DGGE profiles were compared using the method described below. Error variation due to PCR and DGGE was found to be low (between 0 to 2% difference) for a given sample and therefore unlikely to be a contributory factor in any profile or diversity differences observed in this study.
Profile analysis of DGGE patterns. DGGE profiles were analyzed using the Gel Compare function of the Bio Numerics software program (Applied Maths, St-Martens-Latem, Belgium). Similarities between samples and their temporal stability were determined by calculating similarity indices based on the Dice similarity coefficient and the unweighted-pair group method using arithmetic averages (UPGMA). The Dice coefficient is also referred to as Sorenson's pairwise similarity coefficient (C s ) and is commonly used to compare the species composition of different ecosystems. Two identical profiles create a value of 100%, whereas two completely different profiles result in a value of 0%. Dendrograms of DGGE banding profiles were constructed to visualize any clustering patterns evident and to generate similarity matrixes for numerical and subsequent statistical analysis. All similarity results given are the Dice and UPGMA percentage similarities, since this method (band based) and the Pearson correlation coefficient (curve based) were in agreement (data not shown). Composite data sets for group-specific DGGE profiles were generated, and numerical band matching character tables were produced for export and analysis by BiodiversityPro (version 2; Scottish Association for Marine Science [http://www.sams.ac.uk]). Using the BiodiversityPro software, Simpson's, Shannon-Weaver, and Fisher's alpha ecological indices of diversity were generated. These were calculated using the following equations:
where n i is the total number of organisms of the ith species or band intensity and N is the total number of organisms of all species or total band intensities (57).
where s is the number of species/bands in the sample, and P i is the proportion of species/bands for the ith species/band in the sample (7, 56).
where x is calculated from
S is the number of species/bands, and N is the total number of individuals/bands (14, 23) .
Statistical analysis. All percentage similarities and diversity indices were analyzed to determine whether data were normally distributed (using SPSS probability plot function); for normal data unpaired Student's t tests were performed, while for nonnormally distributed data Wilcoxon's test was applied. To analyze the impact of probiotic or corticosteroid consumption on community dynamics, analysis of variance was used. Chi-square test was used to determine whether the frequency of PCR amplifications were significantly different between test cohorts for group-specific primers. 
RESULTS
Analysis of the temporal stability of the dominant microbiota, Clostridium spp., Bacteroides spp., bifidobacteria, and lactic acid bacteria (LAB) of Crohn's disease patients compared to that for controls. All test samples were analyzed using culture-independent methods in order to determine the temporal stability of the microbiota against that for a control group. The mean similarity values and variation reported for the control group are in agreement with results of previous studies of the temporal stability of the fecal microbiota in healthy individuals (62, 68) . The mean similarity of DGGE profiles over time was calculated for each individual (Table 3) . Since the data were shown to be normally distributed (data not shown), Student's t tests were conducted to compare the mean similarities of the dominant microbiota, Clostridium spp., Bacteroides spp., Bifidobacterium spp., and LAB of each group, and significance values are reported here. Relative diversity indices, viz., Shannon-Weaver (HЈ), Fisher's alpha (␣), and Simpson's (D), were also calculated for each successful DGGE profile (Table 4) . Analysis of variance of the impact of taking a probiotic or being administered a corticosteroid showed that there was no statistical difference between groups, and they were not treated separately for the purpose of this study.
The temporal stability of the dominant microbiota (defined as bacterial composition of Ͼ1 to 10% of the community or Ͼ10 9 g Ϫ1 of feces [68] ) in the control group ranged between a The pairwise comparison of each profile from each time point generated was calculated using Bio Numerics software. The similarity values for each individual from each pairwise comparison over time were totaled and averaged and the standard deviation calculated. When two samples were present or if only two samples gave positive PCR products, only the percentage similarity is shown and no standard deviation was calculated. Where no positive PCR signal was observed, the abbreviation NS is used. For several individuals, only one amplification was positive, and this result is presented as "1 sample ϩve." 78% and 91%, indicating that there was very little variation in the dominant genera in this cohort of individuals, with the average stability of the control group over time being 85% Ϯ 4.7%. This value is in agreement with the work of Vanhoutte and colleagues (88% to 96% for the V6-V8 primer profiles [62] ). The average stability of Crohn's disease remission individuals was 64% Ϯ 12.4%, and the range between individuals was 42% to 90%. Pairwise comparisons between prerelapse and relapse samples showed that on average there was a similarity of 57% Ϯ 17.5% between the profiles, with a range of 31% to 75%. Unpaired Student's t tests performed on the mean temporal stability values of all three groups showed that all three were significantly different from each other (P Ͻ 0.005). Figure 1 shows DGGE profiles of PCR products for the V6-V8 region of the 16S rRNA gene, using primers for the dominant bacterial community in healthy individuals and those with Crohn's disease (both remission and relapse). In order to compare the relative diversity of each community, the coefficient of variance for each set of diversity indices was calculated for the control groups. The largest coefficient of variance was 10% for one individual over 12 weeks, and hence, any samples that varied by more than 10% were considered to show changes in relative diversity as measured by any of the three ecological indices. Dominant bacterial diversity was significantly different (P Ͻ 0.0001) between Crohn's disease and control groups, and although the average stability for remission was higher than that for relapse (64% versus 57%), the difference was not statistically significant. A notable example was sample 12, which came from the Crohn's disease group. This individual's DGGE profile was simplified after the individual went into relapse, and prerelapse and relapse samples were only 31% similar (Fig. 2) ; all three diversity indices also showed a reduction in overall profile complexity, with HЈ changing from 0.96 to 0.72, ␣ changing from 1.72 to 0.91, and D changing from 0.12 to 0.21 (an increase in D indicates a decrease in diversity) for prerelapse and relapse samples, respectively. However, 5 days into the study, subject 12 did receive augmentin, which can alter the host bacterial diversity (9), but the relapse occurred nearly 2 months later, we concluded that the antibiotic was not responsible for the relapse but may have altered the gut community, and this individual was removed from the analysis. By contrast, if one examines the profiles of patient 14, prerelapse and relapse, such dramatic changes in their dominant microbiota are not apparent. For individual 14, the average similarity between profiles was 75% and seemingly no major loss of diversity was observed. The diversity indices for prerelapse and relapse DGGE profiles for subject 14 were as follows: HЈ ϭ 1.06 and 1.11; ␣ ϭ 2.78 and 2.76; and D ϭ 0.10 and 0.09 (Fig.  2) . Other patients in the Crohn's disease relapse group showed changes in their profile similarity values, but analysis indicated that the contributory factor accounting for a low similarity was a shift in the community profile to an equally diverse but differently structured community. In other words, the number of bands and the intensities were the same, but the patterns were different.
Clostridium sp.-specific DGGE profile analysis of Crohn's disease subjects. DGGE profiles were generated for members of the C. leptum and C. coccoides subgroups. Of the 49 samples from Crohn's disease individuals, a significant proportion did not give a positive result for the C. leptum-specific primer set, with a failure rate of 27% (P Ͻ 0.0001). Only one sample from a CD individual failed to produce a signal for the C. coccoides primer set. These primers did not fail to amplify a partial 16S rRNA gene product from any of the control samples; furthermore, as a demonstration of their robust design, they were used in a study to determine prevalence of both groups and did not fail to amplify from 46 healthy subjects (34) . Those samples that were amplified and for which DGGE profiles were generated, percent similarities, diversity indices, and temporal stability were not significantly different from those for the control group.
Bacteroides fragilis subgroup-specific DGGE profile analysis of Crohn's disease subjects. The Bacteroides fragilis subgroup DGGE profiles generated for the two groups were not signif- icantly different. Again this set of group-specific DGGE primers failed to amplify 16S rRNA gene products from 39% of the Crohn's disease samples (P Ͻ 0.0001) but was 100% successful with DNA extracted from the control group. The relative diversity of the Bacteroides fragilis subgroup was significantly reduced from that of control samples (P Ͻ 0.0001), while its mean percent similarity over time showed no significant difference from that of the control group (Tables 3 and 4) .
LAB-specific DGGE profile analysis of Crohn's disease subjects. Lactic acid bacteria and related species were detected in all samples from which DNA was extracted. Analysis of DGGE profiles leads us to conclude that LAB profiles were specific to a host, showed high complexity, and were variable for an individual over time. Statistical analysis of the percent similarity showed no significant differences between the LAB profiles for individuals within each group. However, the diversity indices were higher for the healthy cohort than for the CD group (P Ͻ 0.05).
Bifidobacterium sp.-specific DGGE profile analysis of Crohn's disease subjects. Bifidobacterium spp. were also detected in all samples, and the profiles ranged from simple to complex (i.e., one to six bands per lane) for each individual. Furthermore, the profiles were remarkably stable over time. The average stability of the Crohn's disease remission group was 83% Ϯ 11%, for the Crohn's disease relapse group, 97% Ϯ 9%, and for the control group, 90% Ϯ 6%. No significant difference was found between the control group and either Crohn's disease group. Diversity of the Bifidobacteria between samples was also not significantly different between the groups analyzed.
Interindividual comparison of the dominant microbiota, Clostridium spp., Bacteroides spp., Bifidobacterium spp., and LAB. Both control and disease individuals were compared at time zero for all bacterial groups in order to determine if CD subjects harbored dissimilar and distinct bacterial populations. The interindividual percent similarity for control and disease groups was only significantly different for the analysis of the dominant microbiota (P Ͻ 0.001). Comparison of dominant microbiota DGGE profiles for the control group were more similar (had a higher percentage similarity [69% Ϯ 8.1%]) to each other than profiles from CD individuals (29% Ϯ 8.3%). This indicates that control groups have more microbiota in common than CD individuals, who harbor microbial populations that appear to differ significantly from each other.
DISCUSSION
Utilization of culture-independent methods to analyze the microbial dynamics of ecosystems has revolutionized our view of the contribution bacteria make to their function and maintenance (1, 17) . We used DGGE to generate 16S rRNA profiles of the gut microbiota and determined the temporal stability and diversity of members of several functionally important bacterial groups and how these groups varied while the Crohn's disease individual was in remission and relapse. One of the significant observations we report is that the temporal stability of species profiles from Crohn's disease remission and Crohn's disease relapse samples differed from those for the control samples. This is the first description of the instability of the bacterial community in Crohn's disease and highlights the need to take multiple samples from an individual when investigating their gut microbiota. We also found reduced community diversity with Crohn's disease, and these findings are in agreement with those of a previous study where 16S rRNA species profiles showed that the microbiota of Crohn's disease subjects is altered in active and quiescent disease (53) . The profiles from the Crohn's disease remission individuals were shown to be stable over a much longer time period than previously described in the literature. However, this stability is relative and was in no way comparable to that for the control group, which shows a much greater stability and a less dynamic bacterial community. A higher stability of the bacterial community for Crohn's disease remission patients may be one factor in maintaining remission, since in relapse a more variable community was observed, but due to the low numbers it was not considered significant and needs further analysis. We also concluded that there is a reduced level of stability and a change of diversity during relapse into an active disease state. The mean percent similarity of the DGGE profiles for Crohn's disease subjects at time zero was significantly lower than that for healthy subjects in this study, and this indicates greater host specificity.
How this stability can be maintained or even initiated needs further investigation, since it would be desirable to be able to show that remission and "a stable gut" were synonymous with each other. Since the bacterial community in healthy subjects is much more stable, it follows that this trait is desirable and is a feature of a healthy gut. If we were to speculate on the biological significance of this variation, one could envisage that changes in the bacterial composition over time would impact on the functions that this community is supplying to the host. Changes in bacterial functions, such as short-chain fatty acid production, not only will impact colonocytes (66) but also can result in significant changes in numbers of other functionally important groups, such as the sulfate-reducing bacteria (4, 28) , which in turn may trigger a response from the host. In addition, loss of butyrate producers, which have anti-inflammatory activity (50) , may result in the host suffering greater levels of inflammation in the gut. However, a much more in-depth analysis of the hosts' metabonome would need to be undertaken in order to verify which functions were changing in this community, and this variation would need to be correlated with changes in the bacterial groups. An alternative scenario is that variations in the gut microbiota result in the host's immune system responding too strongly to the changes and thus initiating inflammation. In a healthy gut where the community is relatively stable, the immune system is constantly sampling this collection of bacteria and each time regards it as "self" and does not initiate a robust inflammatory response. However, if the diversity of microbiota was fluctuating to a greater extent than one would find in a healthy subject, the immune system may "regard" the different numbers of bacteria as a significant threat, since they are outside the normal range of variation, and initiate a response which in turn results in damage to the host. One key element in this scenario is the trigger that causes an individual's gut microbiota to change from relatively stable to unstable. A potential candidate for the trigger may be genetic, e.g., a mutation in the CARD15/NOD2 locus, but there is evidence to suggest that the coincidence of this mutation with Crohn's disease and a reduced bacterial diversity is not VOL. 44, 2006 DYNAMICS OF BACTERIAL COMMUNITIES IN COLITIS 3985 100% (44) . Furthermore, it is unclear which comes first, whether the change in stability of the gut microbiota triggers inflammation or vice versa. Analysis of the C. leptum subgroup, C. coccoides subgroup, B. fragilis subgroup, Bifidobacterium spp., and LAB also revealed unexpected observations. The LAB profiles were complex, and temporal stability was low but still comparable to that of the control group. Nielsen and colleagues' analysis of the spatial distribution of LAB in biopsy samples revealed complex and variable communities with respect to sampling site and host (39) . Walter and colleagues (65) previously observed the lack of stability in this bacterial group in healthy subjects and concluded that a significant proportion of the LAB populations were related to food-associated species. Indeed, the view of lactobacilli as allochthonous species in the intestinal tract has been recently proposed (60) , and this classification would account for their apparent instability in the gastrointestinal tract of all our samples. Previous culture-independent investigations of the LAB in Crohn's disease have shown differing results, with loss of diversity reported (44) and no changes reported (38, 53) . Thus, our observations add to the consensus of "loss of diversity" but temporally unstable and may suggest that diet needs to be more thoroughly controlled in these experiments in order to determine changes in the autochthonous LAB community.
A similar stable community was observed for the Bifidobacterium spp. for all the groups investigated, and this observation has been previously reported (31, 39, 53) ; however, this is the first report of stability of this group for Crohn's disease patients in remission and relapse. Culture-dependent approaches had shown that fewer Bifidobacterium spp. were recovered from subjects with active Crohn's disease (13); however, from our results we suggest that this observation is due to culturing bias and does not accurately reflect the dynamics of this group in Crohn's disease. We showed that the Bifidobacterium population was stable for all three groups, and since they constitute approximately 5% of the total community (15, 54), we concluded that this group is not responsible for changes in the dominant community profiles of individuals. Furthermore, we would question their role in maintaining Crohn's disease in remission, since no significant changes were observed in the community structure during relapse.
The key result from the C. leptum and B. fragilis groupspecific analysis was the significant failure to amplify the 16S rRNA gene products from members of the Crohn's disease group. These primers have been used extensively to amplify 16S rRNA gene products and have been found to very robust; therefore, any failure to amplify a signal with them was considered a significant result. While it is accepted that negative results are difficult to verify, we are confident that the results were genuine and were not due to inhibition of the PCR by factors coextracted with the DNA from the stool samples. All the DNA samples extracted here gave positive results for the universal V6-V8, LAB, and Bifidobacterium primer sets. In the latter two cases, these bacteria are not present at the numbers we would expect for the two Clostridium groups or the Bacteroides group, which failed to be amplified for some subjects. If inhibition were the cause, we would expect it to be acting uniformly and not selectively on certain bacterial groups, and less abundant groups would also be affected. Hence, we strongly believe that these are valid observation. It is therefore conceivable that the Clostridium leptum and Bacteroides groups were present in a proportion of the initial samples at low numbers, which were below the threshold of detection for the specific primers used in this study. The inability to amplify C. leptum and Bacteroides group 16S rRNA gene products, we believe, is indicative of an underlying change in these groups in Crohn's disease individuals. Changes in numbers and diversity of the C. leptum group in Crohn's disease have been previously found by using culture-independent approaches (53) and more recently by using a metagenomic approach (19, 31) .
We also observed that the Bacteroides fragilis subgroup's diversity was significantly reduced in Crohn's disease, which included both remission and relapse, in addition to a failure to amplify this group from 39% of the samples. While other groups have not reported such dramatic changes in the Bacteroidetes, we concluded that our observation was made possible due to the use of multiple samples from an individual rather than single-time-point samples. These two groups of bacteria are significant members of the gut ecosystem and play central roles in maintaining functions that are essential to gut health (2, 11) . The phylum Bacteroidetes has been shown to contribute to the host's ability to degrade indigestible carbohydrates (2) , while the members of the order Clostridiales have been documented as being the main producers of short-chain fatty acids, such as butyrate, in the gut (8) . Thus, any changes in these keystone groups may impact on the total bacterial communities' capacity to provide beneficial functions to the host.
The role of the gastrointestinal microbiota in Crohn's disease is not fully understood, but the presence of a particular bacterial species or a component of the bacteria has been shown to be critical to onset of the disease (48) . This study indicates that the microbiota of Crohn's disease subjects is unstable over time compared to that of controls and that individuals with Crohn's disease have fewer bacterial species that are shared. It is not clear whether the apparent instability and atypical community present in certain Crohn's disease patients could reflect a dysregulation of host-specific immune responses to its commensals, whether this atypical community is a contributory factor to the disease, or if the atypical microbiota are present as a result of conditions in a diseased lumen that would favor their proliferation. However, one aspect which has emerged from this work and which warrants further investigation is the role of functional redundancy in the gut ecosystem. One characteristic which seems to be shared between individuals relates to the bacterial functions relevant to the gut, for example, butyrate production. While this function may be performed by different species or even genera in different individuals, the role seems to be sufficiently important in maintaining a healthy gut and is thus found in all individuals studied (46) . The common nature of these functions cannot be coincidence, since maintenance of these functions is important to the host; hence, any loss of these functions will affect not only the host but also the bacterial community. Several scenarios can be constructed which ultimately lead to situations detrimental to the host; for example, loss of short chain fatty acids synthesis results in an impact on the methanogen community and thus favors the growth of sulfate-reducing bacteria and the production of toxic hydrogen sulfite. The loss of butyrate producers may result in the loss of a potential anti-inflammatory agent (21, 64, 67) , which leads to more inflammation in the gut and a possible relapse; butyrate may affect inflammation by suppressing NFB expression (51) . The observation reported here and elsewhere that the Clostridiales and Bacteroidales communities are altered in Crohn's disease may indicate that we should shift our focus to understanding the functional roles bacteria play in maintaining a healthy gut and ask whether a loss of function, rather than specific organisms, plays a role in inflammatory bowel disease.
